In plant cells, high salinity stress induces rapid inhibition of general protein synthesis. In this study, we found that treatment with mannitol, but not lithium stress, led to rapid global translational repression, suggesting that a rapid response at the level of translation might be induced by the osmotic but not the ionic components of salinity stress.
High salinity stress adversely affects plant growth and productivity, and in extreme cases threatens the life of the plant. Increasing salinization is a serious and growing problem faced by agricultural regions in most parts of the world. Plants have evolved a number of mechanisms to respond to salinity with changes in diverse aspects of function, including physiology, biochemistry, and gene expression. The response of a plant to salinity stress can be thought of as separate responses to osmotic and ionic components. 1) An understanding of the response mechanisms to both components is an important step toward the development of salt tolerant plants.
One of the primary responses of plants to abiotic stresses, including salinity, is alteration of protein synthesis. Polysome levels and protein synthesis are reduced following salinity stress, as well as other abiotic stresses.
2) Recent genome-scale analyses of translation have revealed that translational repression upon salinity stress and the other abiotic stresses can severely restrict gene expression and affect various mRNAs differently. [3] [4] [5] These findings suggest that global translational repression upon salinity stress is a major mechanism of gene expression control in the plant salinity stress response.
The most conspicuous advantage of translational control over other regulatory mechanisms of gene expression is its immediacy. 6) In addition to previous reports indicating global translational repression following salinity stress, 7, 8) we recently confirmed that salinity stress (200 mM NaCl) reduced polysome levels and protein synthesis in Arabidopsis cell cultures within 10 min. 5) To gain a better understanding of response mechanisms to salinity stress in plants, we investigated to determine whether rapid global translational repression is induced by mannitol stress and LiCl stress, which are commonly assumed to mimic the osmotic and the ionic component of salinity respectively.
First, we investigated the effects of treatments with LiCl and mannitol on de novo protein synthesis in Arabidopsis cell cultures. Lithium is generally considered an analog of the sodium ion with higher toxicity, and is utilized to create ionic stress at concentrations of lower than with sodium, that is, with reduced osmotic stress. 9) Arabidopsis thaliana suspension cell line T87 10) was grown in modified LS medium 11) with constant agitation at 120 rpm at 22
C under a 16-h-light/ 8-h-dark photoperiod. The cells were treated with and without 60 mM LiCl or 300 mM mannitol for 10 min, and then with [
35 S]methionine at a final concentration of 62.5 nCi/ml for 15 or 50 min. Determination of de novo protein synthesis was carried out as described previously. 5) As shown in Fig. 1 , autoradiography indicated that 300 mM mannitol led to impairment of de novo protein synthesis relative to control cells. This drastic impairment upon mannitol treatment is consistent with what is observed under NaCl treatment, as shown by Matsuura et al. 5) On the contrary, the band pattern for LiCl treatment was similar to that of control treatment, indicating that 60 mM LiCl had no apparent effect on nascent protein synthesis.
Impairment of nascent protein synthesis caused by mannitol stress but not by LiCl stress was further investigated by polysome fractionation assay. The experimental procedures for stress treatments of Arabidopsis cell cultures, polysome fractionation using sucrose density gradient centrifugation, and RNA isolation from each fraction were the same as described previously.
5) The absorbance profile at 254 nm revealed that within 10 min of 300 mM mannitol stress treatment, there was a substantial decrease in the polysome fraction (fraction that contain two or more ribosomes) and a concomitant increase in the non-polysome fraction (fraction that contain 80S monoribosome and ribosomal subunits) ( Fig. 2A) . In addition, a drastic shift of rRNAs from the bottom, polysome-containing region to the lighter fraction of the gradient was observed in the mannitol stress-treated cells (Fig. 2B) . The breakdown of polysome-mRNA complexes upon mannitol stress is y To whom correspondence should be addressed. Tel: +81-743-72-5461; Fax: +81-743-72-5469; E-mail: kou@bs.naist.jp Biosci. Biotechnol. Biochem., 74 (10), [2110] [2111] [2112] 2010 Note also consistent with the response of the cells to 200 mM NaCl for 10 min, 5) and is indicative of global depression of translation in response to both stresses. In contrast, no apparent changes in the absorbance profile ( Fig. 2A) or the distribution pattern of rRNAs in the gradients (Fig. 2B) were observed in the cells treated with 60 mM LiCl for 10 min. While slight cell death was observed by trypan blue staining after individual stress applications for 10 min, no significant differences in extent were found among the stresses (data not shown).
We also investigated to determine whether similar responses occur in monocotyledonous rice suspension cell cultures. Rice (Oryza sativa cv. Nipponbare) cultured cells showed a drastic reduction in polysomes and a shift in the distribution of rRNAs under mannitol but not LiCl treatment (Fig. 2C and D lation state and protein synthesis. This suggests that the osmotic, not the ionic component, makes a larger contribution to the rapid global translational repression caused by salinity stress.
To rule out the possibility that the conditions of LiCl treatment used here were too weak to induce global depression of translation, we compared the effects of the respective stress conditions on cell growth. Serial dilutions of Arabidopsis suspension cells were cultured in 12-well plates in 2 ml of modified LS medium, with and without 200 mM NaCl, 60 mM LiCl, or 300 mM mannitol. As shown in Fig. 3A , LiCl stress inhibited cell growth as efficiently as NaCl stress and mannitol stress. We also observed that long-term stress applications of 200 mM NaCl, 60 mM LiCl, and 400 mM mannitol led to growth inhibition of the rice cells (Fig. 3B) . This suggests that the distinct effects of NaCl and mannitol stress and LiCl stress on global translation are not due to a quantitative difference in stress intensities but rather to a qualitative one.
In this study, together with our recent study, 5) we found that salinity stress of 200 mM NaCl and 300-400 mM mannitol stress but not 60 mM LiCl stress led to depression of global translation in Arabidopsis and rice cell cultures within 10 min (Fig. 2) . This depression appears to be unrelated to the extent of cell-growth inhibition, because LiCl stress drastically inhibited cell growth in the longer term, to a similar extent as NaCl stress and to a greater extent than mannitol stress in Arabidopsis (Fig. 3A) . The growth of the rice cells was also inhibited by LiCl stress more drastically than by NaCl or mannitol stress (Fig. 3B) . At the wholeorganism level, plants respond to salinity in two phases: a rapid, osmotic phase that inhibits the growth of young leaves, and a slower, ionic phase that accelerates the senescence of mature leaves. 1) Although further analysis of changes in translation at the whole-plant level are required, we have identified a plant response that differs between osmotic and ionic stress. These observations reflect a difference in the time required for these stress mechanisms to have their effects: salts must accumulate to toxic concentrations inside plants before they affect plant function, whereas osmotic effects occur immediately. 1) Although the mechanism that underlies the global repression of translation in plants under abiotic stress conditions is not known, 12) the rapid translational response to salinity stress and mannitol stress might be good subjects for further study of plant signaling pathways. Taking these short-term and long-term responses to salinity stress into account is important for the molecular breeding of salt-tolerant plants, which is important for both food production and environmental sustainability.
